Abstract Aims/hypothesis: The aim of this analysis was to examine the long-term effects of pioglitazone or gliclazide addition to failing metformin monotherapy and pioglitazone or metformin addition to failing sulphonylurea monotherapy in patients with type 2 diabetes. Methods: Two 2-year, randomised, multicentre trials were performed in patients with inadequately controlled type 2 diabetes (HbA 1 c 7.5-11% inclusive), who were receiving either metformin or a sulphonylurea at ≥50% of the maximum recommended dose or at the maximum tolerated dose. In the first study, patients on metformin received add-on therapy with pioglitazone (15-45 mg/day, n=317) or gliclazide (80-320 mg/ day, n=313). In the second study, patients on sulphonylurea therapy were randomised to receive add-on therapy with either pioglitazone (15-45 mg/day, n=319) or metformin (850-2,550 mg/day, n=320). HbA 1 c, fasting plasma glucose, insulin and lipids were investigated. Results: At week 104, the mean reduction from baseline in HbA 1 c was 0.89% for pioglitazone and 0.77% for gliclazide addition to metformin (p=0.200). There was a statistically significant between-group difference for the change in mean fasting plasma glucose at week 104 (−1.8 mmol/l for pioglitazone vs −1.1 mmol/l for gliclazide, p<0.001). There were no significant differences in changes from baseline in glycaemic parameters for pioglitazone compared with metformin addition to sulphonylurea therapy. Whether added to metformin or sulphonylurea, pioglitazone caused significantly greater decreases in triglycerides and significantly greater increases in HDL cholesterol than the comparator regimens (p≤0.001). There were decreases in LDL cholesterol in the comparator groups and these were significantly different from the small changes observed with pioglitazone (p<0.001). All treatment regimens were well tolerated. There were weight increases of 2.5 kg and 3.7 kg in the pioglitazone and 1.2 kg in the gliclazide add-on groups, and there was a mean decrease of 1.7 kg in the metformin add-on group. Conclusions/interpretation: As add-on therapy to existing sulphonylurea or metformin therapy, pioglitazone improved glycaemic control and this improvement was sustained over 2 years. Furthermore, there were potential benefits in terms of improvements in specific lipid abnormalities. This could offer an advantage over the addition of other oral agents in the long-term treatment of diabetes.
Introduction
Monotherapy with metformin or sulphonylureas often improves glycaemic control in the short term. However, it is well documented that many patients receiving long-term oral glucose-lowering monotherapy experience a progressive deterioration in glycaemic control over time. Every year, approximately 5-10% of patients treated with a sulphonylurea or metformin experience "secondary failure" [1, 2] . In the United Kingdom Prospective Diabetes Study (UKPDS), patients receiving sulphonylurea or metformin monotherapy experienced a gradual increase in HbA 1 c over a study period of up to 10 years [2] [3] [4] [5] . The addition of a second agent with additive or synergistic effects is required to overcome such failures of monotherapy and to address different aspects of the pathogenesis of type 2 diabetes. The most commonly used combination regimen consists of metformin plus a sulphonylurea, and agents with novel modes of action, e.g. the thiazolidinediones (TZDs), pioglitazone and rosiglitazone, have been introduced more recently.
Several clinical trials have demonstrated the short-term beneficial effects of pioglitazone on glycaemic control, both alone [6] [7] [8] [9] [10] [11] and when added as a second agent in combination therapy [12] [13] [14] [15] . These studies have also reported that pioglitazone modulates carbohydrate and lipid metabolism, increases insulin sensitivity, affects vasculature and may improve some of the risk factors associated with the metabolic syndrome [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
To evaluate the effects of oral glucose-lowering agents in combination, it is important to have studies of long duration. Few randomised controlled clinical studies have assessed the effects of combination therapy over periods greater than 1 year. Although the UKPDS assessed oral glucose-lowering treatments over a 10-year period, the TZDs were not available when the study began. Furthermore, the UKPDS did not compare combination therapies with each other; intention-to-treat (ITT) monotherapy was compared with combination therapy randomised late in the trial. Two recent head-to-head studies evaluating the longterm efficacy, safety and tolerability of pioglitazone when added to failing metformin or a sulphonylurea in patients with type 2 diabetes are reported here. The first of these randomised, double-blind, double-dummy, parallel-group studies compared pioglitazone as add-on therapy to metformin with the widely used combination of sulphonylurea and metformin. Gliclazide was chosen as it is one of the most commonly prescribed sulphonylureas. In the second study, pioglitazone add-on therapy was compared with the addition of metformin to existing sulphonylurea therapy.
An analysis conducted at 1 year suggested that, although no significant differences in change from baseline of glycaemic parameters were observed between treatments, the pattern of glycaemia over time was different and longerterm effects might reveal differences [16, 17] . Furthermore, the 1-year analyses revealed additional benefits with pioglitazone add-on therapy over gliclazide or metformin addon therapies in terms of improvements in insulin sensitivity and specific abnormalities of diabetic dyslipidaemia. The studies were continued to 2 years and the data presented here are the results of the investigation of the glycaemic and non-glycaemic effects and whether these were sustained.
Subjects and methods

Study population
Male and female patients with type 2 diabetes inadequately managed with metformin or sulphonylurea monotherapy (at ≥50% of the maximum recommended dose or at the maximum tolerated dose for ≥3 months) were eligible for entry into the study. Inclusion criteria were: (1) age 35-75 years (inclusive); (2) HbA 1 c 7.5-11.0% (inclusive); (3) fasting C-peptide levels ≥0.50 nmol/l (1.5 ng/ml); and (4) stable or worsening glycaemic control for ≥3 months prior to screening. Patients were excluded if they had type 1 diabetes, ketoacidosis, symptomatic heart failure, acute malabsorption or chronic pancreatitis, familial polyposis coli, malignant disease in the previous 10 years, substance abuse or myocardial infarction, transient ischaemic attacks or stroke in the previous 6 months, or were pregnant. Patients previously treated with insulin, gliclazide, pioglitazone or other sulphonylureas or TZDs were not eligible for entry into the pioglitazone vs gliclazide addition to metformin study, and patients treated with insulin, metformin, pioglitazone or other TZDs were not eligible for entry into the pioglitazone vs metformin addition to sulphonylurea study.
Study designs
The study designs have been reported in detail elsewhere [16, 17] . Both studies were conducted in accordance with the Declaration of Helsinki and the requirements of Good Clinical Practice of the European Community. Ethics committee approval was obtained for each study site and all patients gave written informed consent prior to participation.
The first study compared the efficacy and safety of pioglitazone and gliclazide when added to existing metformin therapy in a 2-year trial conducted at 75 centres in nine European countries and Australia. Patients were randomised using block randomisation via a central telephone system (QTONE) to receive either pioglitazone (15 mg/ day, n=317) or gliclazide (80 mg/day, n=313) in addition to their usual regimen of metformin. During a 16-week forced-titration phase, the pioglitazone dose was increased in a step-wise manner to 30 and 45 mg, and the gliclazide dose to 160 mg, 240 mg (160 and 80 mg) and 320 mg (160 mg twice daily), according to tolerability. No change in metformin dose from the pre-study level was allowed at any stage of the study.
The pioglitazone vs metformin addition to sulphonylurea study was similar in design and conducted over a 2-year period (the first patient was enrolled in October 2000 and the last patient completed in June 2003) at 91 centres in 12 European countries and Canada. Patients inadequately controlled with existing sulphonylurea monotherapy were randomised to add-on therapy with either pioglitazone or metformin for a 12-week forced-titration period followed by a 92-week maintenance period. Patients received either pioglitazone (at a dose of up to 45 mg/day) or metformin (at a dose of up to 2,550 mg/day), plus their usual regimen of sulphonylurea. Patients initially received a dose of 15 mg/day of pioglitazone or 850 mg/day of metformin, and dose levels were increased at weeks 4, 8 and 12, according to tolerability. If a patient experienced symptomatic hypoglycaemia during titration, the dose of sulphonylurea could be reduced (one-step reduction). The aim was to maintain the sulphonylurea and the study drug doses at the levels achieved at the end of the titration period; thus, in both studies, cessation of titration or a one-step down-titration was permitted only on the basis of tolerability issues or perceived risk of hypoglycaemia. [18] . Fasting NEFA were assessed at baseline and weeks 52 and 104 in a subgroup of the study population. Serum C-peptide and 32,33 split pro-insulin were measured at selected centres at baseline and weeks 24, 42, 52, 72, 92 and 104.
Efficacy and safety measurements
The tolerability and safety of the therapies were assessed by: physical examination at screening and weeks 52 and 104; regular monitoring of adverse events, body weight, blood pressure and pulse rate; and standard safety laboratory tests. Clinical chemistry and haematology were performed at the central laboratory.
Statistical analysis The statistical and analytical methods have been described previously [16, 17] . The differences in the changes in HbA 1 c between treatment groups were compared using an analysis of covariance model, with treatment used as the factor and baseline value as covariate. The difference between adjusted means was calculated with 95% CIs and a two-sided t-test (α=0.05) was performed. The analysis was carried out on the ITT and per-protocol populations. Other efficacy variables were analysed in a similar way. The ITT population included all patients who received at least one dose of study medication after randomisation and for whom at least one post-baseline HbA 1 c value was available. The per-protocol population included all patients who received at least one dose of study medication after randomisation and for whom a value for HbA 1 c was available at week 72 or later. A p value less than or equal to 0.05 was considered significant for the primary and secondary analyses. Since the triglyceride data were not normally distributed, the lipid data were logarithmically transformed. Descriptive statistics were used to summarise demographic and baseline characteristics, adverse events and changes in body weight and laboratory variables.
Results
Baseline characteristics
The baseline data have been published previously [16, 17] . In both studies the treatment groups have similar baseline characteristics, and the groups were generally well matched in terms of sex, age, BMI and duration of diabetes ( Table 1) . Comparison of the two study populations revealed that patients in the sulphonylurea add-on study had a longer duration of diabetes and patients in the metformin add-on study were slightly heavier. Figure 1a and b show the patient disposition and reasons for discontinuation of study medication. Approximately 75% of the patients enrolled completed the 104-week studies.
At the end of the dose-titration period, 70% of patients receiving pioglitazone add-on to metformin had been titrated to the maximum pioglitazone dose of 45 mg/day (mean dose 39 mg/day), whereas 33% of patients in the gliclazide arm had been titrated to the maximum gliclazide dose of 320 mg/day (mean dose 212 mg/day).
Of the 952 patients screened for the pioglitazone vs metformin addition to sulphonylurea study, 639 patients were treated with pioglitazone (n=319) or metformin (n= 320) in addition to their sulphonylurea therapy. At the end of the dose-titration period, 62% of patients in the pioglitazone group were receiving the maximum dose of 45 mg (mean dose of 37 mg/day), and 55% of those in the metformin group were receiving the maximum dose of 2,550 mg/day (mean dose 2,074 mg/day).
Glycaemic control
The 1-year efficacy and safety data have been reported previously [16, 17] . All data are from the ITT population unless otherwise specified.
Pioglitazone vs gliclazide addition to metformin study The differences in the changes in HbA 1 c from baseline to week 52 were not statistically significant between the two groups, with decreases of 0.99% and 1.01% observed with pioglitazone add-on therapy to metformin and gliclazide addon to metformin, respectively (adjusted mean difference 0.02, 95% CI −0.15 to 0.19, p=0.837). The differences in the changes from baseline among the ITT population were not statistically significant at week 104 (0.89% and 0.77% with pioglitazone and gliclazide, respectively, p= 0.200; Fig. 2a) ; however, there was a statistically significant between-group difference in HbA 1 c reduction at week 104 in patients treated for a minimum of 18 months (perprotocol population; 1.07% and 0.76% with pioglitazone and gliclazide, respectively, p=0.003). At week 104, the proportion of patients who had achieved a target HbA 1 c level of <7.0% was 30.6% when pioglitazone was added to metformin and 25.2% for gliclazide addition to metformin (p=0.128).
Mean fasting plasma glucose values revealed that, despite comparable reductions in fasting plasma glucose at week 52, there was a statistically significant difference between the pioglitazone add-on to metformin group and the gliclazide add-on to metformin group at week 104 (−1.8 vs −1.1 mmol/l, p<0.001; Fig. 2b ).
Pioglitazone vs metformin addition to sulphonylurea study For patients receiving add-on therapy with either pioglitazone or metformin to sulphonylurea, there were no significant between-treatment differences in terms of HbA 1 c or fasting plasma glucose. At week 104, HbA 1 c was reduced by 1.03% with pioglitazone addition to sulphonylurea and by 1.16% with metformin addition to sulphonylurea (adjusted mean difference −0.13, 95% CI −0.06 to 0.31, p=0.173; Fig. 3a) . At week 104, the proportion of patients who had achieved a target HbA 1 c level of <7.0% was 30.2% for pioglitazone addition to sulphonylurea and 28.4% for metformin addition to sulphonylurea (p=0.635).
From baseline to week 104, fasting plasma glucose was reduced by 2.0 mmol/l in the pioglitazone add-on to sulphonylurea group and 1.9 mmol/l in the metformin add-on to sulphonylurea group (adjusted mean difference −0.02, 95% CI −0.6 to 0.3, p=0.506; Fig. 3b ).
Serum lipid levels Figure 4 shows the changes in lipid profiles (ITT population). Whether added to metformin or sulphonylurea, pioglitazone caused significantly greater decreases in triglyceride levels and significantly greater increases in HDL cholesterol levels (p≤0.001 for all between-group compar- Fig. 1 Patient disposition in the pioglitazone vs gliclazide addition to metformin study (a) and the pioglitazone vs metformin addition to sulphonylurea study (b) isons). Gliclazide addition to metformin and metformin addition to sulphonylurea decreased LDL cholesterol and total cholesterol, whereas there was little change in these parameters in the pioglitazone groups (increases or decreases ≤5% for LDL cholesterol and ≤1% for total cholesterol). The differences between groups were statistically significant (p<0.001 for LDL cholesterol, p≤0.005 for total cholesterol). Among patients who received lipid-lowering therapy at baseline (18.3% of those enrolled in the pioglitazone vs gliclazide addition to metformin study and 15.3% of those in the pioglitazone vs metformin addition to sulphonylurea study), the doses remained stable throughout the study, and the effects of add-on therapies on lipid levels in this population were comparable to those indicated by the ITT analysis. When added to either metformin or sulphonylurea therapy, pioglitazone caused significantly greater decreases in the AIP, a surrogate marker of LDL particle size, than the comparators (−0.46 for add-on to metformin vs −0.14 for gliclazide addition [p<0.001] and −0.38 for add-on to sulphonylurea vs −0.23 for metformin addition [p<0.001]).
Mean fasting plasma NEFA levels were decreased by 0.11 mmol/l in the pioglitazone add-on to metformin group (n=37) and by 0.04 mmol/l in the gliclazide add-on to metformin group (n=64; p=0.046 for between-group difference), and by 0.08 mmol/l in the pioglitazone add-on to 
Serum insulin and insulin precursors
Pioglitazone caused sustained decreases in fasting serum insulin whether added to metformin or sulphonylurea, whereas there were increases in the gliclazide add-on to metformin group. In the metformin add-on to sulphonylurea group, the decreases in fasting serum insulin observed at week 52 [16] had risen back towards baseline values by week 104 ( Table 2 ). The difference in the change in serum insulin with pioglitazone vs gliclazide addition to metformin group was statistically significant (p<0.001).
Insulin precursors were measured at selected centres. The addition of pioglitazone to metformin (n=168) caused decreases in levels of intact pro-insulin and 32,33 split proinsulin, whereas the addition of gliclazide to metformin caused a small increase in intact pro-insulin (n=169) and a small decrease in mean 32,33 split pro-insulin (n=166). The difference between treatments was statistically significant for both variables (p<0.001; Table 2 ). In the pioglitazone vs metformin addition to sulphonylurea study, both pioglitazone and metformin caused decreases from baseline in intact pro-insulin (n=166 and n=155 for pioglitazone and metformin, respectively) and 32,33 split pro- Fig. 3 Time course of mean changes±SEM from baseline to last value (last observation carried forward analysis) for HbA 1 c (a) and fasting plasma glucose (b) in the ITT population. To convert mmol/l to mg/dl divide by 0.0555. Open circles, pioglitazone add-on to sulphonylurea; closed triangles, metformin add-on to sulphonylurea insulin when added to sulphonylurea (n=164 and n=154 for pioglitazone and metformin, respectively). There were no significant differences between the two groups for either variable ( Table 2 ).
Safety and tolerability assessment
All four treatment regimens were well tolerated and the majority of adverse events were mild to moderate in Fig. 4 Changes from baseline to last value (last observation carried forward analysis) for triglycerides, HDL cholesterol and LDL cholesterol in the ITT population. The treatments were compared using adjusted mean ratios from baseline (pioglitazone/metformin) with baseline values as covariates and based on logarithmically transformed data. White bars, pioglitazone (pio) add-on groups; hatched bars, gliclazide (glic) add-on group; black bars, metformin (met) add-on group. To convert mmol/l to mg/dl, divide by 0.0113 for triglycerides and by 0.0259 for HDL cholesterol and LDL cholesterol severity. There were no major differences between groups with respect to the number of adverse events, and a similar number of patients in each treatment group discontinued the add-on therapy due to adverse events, with 22 (6.9%) in the pioglitazone add-on to metformin group, 21 (6.7%) in the gliclazide add-on to metformin group, 28 (8.8%) in the pioglitazone add-on to sulphonylurea group and 32 (10.0%) in the metformin add-on to sulphonylurea group. As regards the individual events, there were more gastrointestinal disorders observed with metformin, more hypoglycaemia with gliclazide and more oedema with pioglitazone (Table 3) . At week 104, there were mean weight increases of 2.5 kg and 3.7 kg when pioglitazone was added to metformin and sulphonylurea, respectively, and 1.2 kg when gliclazide was added to metformin. A decrease in mean body weight of 1.7 kg was observed at week 104 when metformin was added to sulphonylurea (Fig. 5) .
Liver tests, particularly alanine aminotransferase (ALT), showed consistent improvements when pioglitazone was added to metformin or sulphonylurea (Fig. 6 ). The addition of metformin to sulphonylurea produced smaller changes in liver parameters, and gliclazide addition to metformin resulted in marginal changes (Fig. 6 ).
Discussion
Short-term studies have shown pioglitazone, metformin and sulphonylureas to be effective when added as second agents to failing monotherapy [13] [14] [15] [19] [20] [21] . These two 2-year studies provide an opportunity to compare the longer-term sustainability of glycaemic control of adding pioglitazone to metformin or sulphonylurea with the effects of adding gliclazide or metformin, respectively. We found that the combination of pioglitazone and metformin provided sustained glycaemic control and superior lipidaemic control to gliclazide with metformin, suggesting that when a patient is failing on metformin monotherapy there may be an advantage to adding pioglitazone rather than a sulphonylurea. For patients treated with pioglitazone plus sulphonylurea glycaemic control was comparable to that of Fig . 5 Changes from baseline to last value (last observation carried forward analysis) for weight gain in the ITT population. The treatments were compared using adjusted mean ratios from baseline (pioglitazone/ metformin) with baseline values as covariates. White bars, pioglitazone add-on groups; hatched bars, gliclazide add-on group; black bars, metformin add-on group Fig. 6 Time course of mean changes from baseline to last value (last observation carried forward analysis) for ALT in the ITT population of the pioglitazone vs gliclazide addition to metformin study (a) and the pioglitazone vs metformin addition to sulphonylurea study (b). Closed circles, pioglitazone addon to metformin; open squares; gliclazide add-on to metformin; open circles, pioglitazone addon to sulphonylurea; closed triangles, metformin add-on to sulphonylurea patients treated with metformin plus sulphonylurea, but there was an advantage in the pioglitazone group with respect to lipids.
Glucose-lowering therapies have been shown to reduce long-term microvascular complications [22, 23] ; however, due to the natural progression of diabetes, monotherapy is often insufficient to sustain glycaemic control over the long term and a second agent is frequently needed [2] [3] [4] [5] . For example, in the UKPDS, most of the patients needed combination therapy because of the continuous decline in beta cell function [4] . The combination of metformin (an inhibitor of hepatic glucose overproduction) plus a sulphonylurea (an insulin secretagogue) is the traditional combination option when monotherapy with either as the single agent fails [19, 24] , but this is not always efficacious. Although short-term studies have shown that such combinations are initially effective for periods of less than 1 year [20, 21] , control was reported to deteriorate over longer periods of time in the UKPDS [25] . There exists a need for agents, or combinations of agents, that can sustain glycaemic control in the longer term. From a pathophysiological point of view, the TZDs provide an alternative add-on option to failing monotherapy by virtue of their insulin-sensitising properties. The studies reported here provide the first long-term comparison of the traditional metformin plus sulphonylurea regimen with pioglitazone add-on to either metformin or a sulphonylurea.
In previous studies, 30 mg/day of pioglitazone as add-on therapy to metformin [13] caused a mean decrease of 0.64% in HbA 1 c over 16 weeks compared with a 0.19% increase in HbA 1 c with metformin plus placebo. Seventytwo weeks of open-label pioglitazone plus metformin treatment resulted in further decreases in HbA 1 c (−1.4% from baseline) and fasting plasma glucose (−3.5 mmol/l from baseline), indicating that glycaemic control was maintained over a period of more than 1.5 years [13] . Studies on the addition of pioglitazone to sulphonylurea, performed over periods of up to 12 months, have shown that glycaemic control is improved with this regimen compared with continued sulphonylurea monotherapy [12, 14] .
The 2-year data reported here extend the results at 1 year [16, 17] : the addition of pioglitazone or a sulphonylurea to metformin and the addition of pioglitazone or metformin to a sulphonylurea were effective in decreasing HbA 1 c and fasting plasma glucose levels beyond those achieved by monotherapy. Interestingly, among the patients who were failing on metformin, the glycaemic control achieved with pioglitazone add-on to metformin was well sustained. At 2 years, pioglitazone induced superior decreases from baseline in fasting plasma glucose compared with gliclazide (p≤0.001). In addition, although the difference in HbA 1 c changes from baseline to week 104 was not statistically significant in the ITT population, in those patients who were treated for at least 72 weeks (per-protocol population), the difference was significant in favour of pioglitazone (p=0.003). In the pioglitazone vs metformin addition to sulphonylurea study, there were no statistically significant differences between the two groups in terms of the changes in HbA 1 c and fasting plasma glucose at 2 years.
Dyslipidaemia is an important cardiovascular risk factor. In patients with type 2 diabetes, there is a strong association between high triglyceride and low HDL cholesterol levels and cardiovascular morbidity and mortality, whereas LDL cholesterol is often normal or borderline [26] [27] [28] [29] [30] . Shortterm studies have reported that pioglitazone has beneficial effects on triglycerides and HDL cholesterol [9, 12, 13] . The 1-year data from the add-on studies also showed that improvements in triglyceride and HDL cholesterol levels were significantly more pronounced in the pioglitazone groups [16, 17] . The 2-year data support these observations, with the significantly superior effects of pioglitazone over metformin and gliclazide on triglycerides and HDL cholesterol still observed at week 104. Significantly greater reductions in total cholesterol and LDL cholesterol were observed in the gliclazide add-on to metformin group and the metformin add-on to sulphonylurea group than in the respective pioglitazone add-on groups, in which only small changes (increases or decreases of ≤5%) were seen for both parameters at 2 years.
Compositional alterations in LDL particles can be potentially atherogenic [31] [32] [33] [34] . Diabetic dyslipidaemia appears to be related to the presence of smaller, dense LDL particles that are more atherogenic than larger, more buoyant particles [35] . The AIP is inversely correlated with LDL particle size [18] . Over the 2-year period reported here, the AIP was reduced by a significantly greater extent by the addition of pioglitazone to the metformin or sulphonylurea therapies than the addition of gliclazide or metformin, respectively. Taken together, these lipid data suggest that pioglitazone therapy has benefits in terms of modulating the unique dyslipidemia associated with type 2 diabetes, and that the addition of pioglitazone to failing metformin or sulphonylurea therapy offers a distinct advantage over the addition of sulphonylurea or metformin, respectively, in this regard.
At present it is not known whether these effects of pioglitazone on sustained glycaemic and lipidaemic control will translate into improved outcomes over the longer term. However, studies such as the Prospective Pioglitazone Clinical Trial in Macrovascular Events (PROactive), which was designed to evaluate the effect of pioglitazone treatment on the incidence of macrovascular comorbidity and total mortality in over 5,000 high-risk patients with type 2 diabetes, will help to establish this [36] .
Another important finding was the difference between combinations with respect to insulin sensitivity and insulin processing in the beta cell. Over 2 years, pioglitazone addon therapy to either metformin or sulphonylurea caused sustained decreases in fasting insulin levels. In contrast, there was an increase in fasting insulin when gliclazide was added to metformin, and the decrease in insulin seen at week 52 when metformin was added to sulphonylurea [16] was not sustained over the 2-year treatment period, with values near to baseline levels observed at week 104. Pioglitazone add-on therapy and the addition of metformin to sulphonylurea improved insulin processing (intact pro-insulin and 32,33 split pro-insulin), while the addition of gliclazide to metformin had no effect.
To date, there have been no clear data on the long-term (>1 year) safety of oral glucose-lowering agents in combination. Over the 2-year period reported here, the incidence of adverse events and the clinical laboratory values indicate that all treatment regimens were generally well tolerated. More than 70% of patients completed the studies. As expected, the main adverse events were weight gain, hypoglycaemia, oedema and gastrointestinal disorders. Rates of hypoglycaemia with gliclazide (12%) and gastrointestinal disorders with metformin (28%) were similar to those previously reported. Oedema (8-11%) and weight gain (∼4%) were the most common adverse events in the pioglitazone group and these have also been reported previously [16, 17] . There have been worries concerning liver toxicity with TZDs. In the studies reported here, pioglitazone add-on caused reductions in mean levels of hepatic enzymes, while gliclazide caused either no change or small increases.
In conclusion, the data from these 2-year studies provide a strong indication that, when added to metformin, pioglitazone provides good sustainability of glycaemic control allied with an improvement over gliclazide addition to metformin in terms of insulin processing and the modulation of the unique dyslipidaemia associated with type 2 diabetes. When added to sulphonylurea, glycaemic control and improvements in insulin processing were well sustained by the addition of either pioglitazone or metformin, but improvements in diabetic dyslipidaemia were greater with pioglitazone. As expected, there was a mean weight loss in the metformin add-on group and weight increases in the pioglitazone and gliclazide add-on groups. These findings confirm that pioglitazone is a valuable alternative to the addition of metformin to failing sulphonylurea monotherapy and, in the case of addition to metformin, its potential long-term sustainability and lipid effects may make it preferable to the addition of sulphonylurea.
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